Introduction
A gastrocutaneous fistula (GCF) represents a fistula connecting the stomach and the skin. By definition, it consists of an internal orifice (gastric outlet), an external orifice (cutaneous outlet) and a tract (usually covered by epithelium). A GCF is a rare and difficult to treat complication accounting for 0.5-3.9% of the normal-weight patients undergoing gastric surgery.
The aim of the present review is to clarify the entity of a GCF and to discuss the various treating strategies employed. Gastrocutaneous fistulas (GCF) mostly occur after iatrogenic gastric injury (particularly after splenectomy), breakdown of a gastroenteric anastomosis, disruption of the gastric suture lines, or failure of healing of a gastrostomy tube tract [1] [2] [3] [4] . Although, the external gastric fistula most often has been related to the above mentioned operative complications, other rare causes that include chronic inflammatory disease, carcinoma, pancreatic abscess and radiation therapy should be acknowledged [5] [6] [7] . All conditions related to GCF formation are presented in Table 1 .
Pathogenesis
The pathogenetic mechanism implied in the formation of GCF is not universal, and is relative to the underlying etiologic factor.
The pathogenesis of the gastric fistulae resulting from iatrogenic gastric injury or disruption of the gastric suture lines seems to be on the basis of vascular necrosis. This was first reported in 1953 by Rutter [8] , and in 1956 by Spencer [9] . Studies of blood supply [10] [11] [12] [13] of the stomach indicated that either the left gastric or gastroepiploic artery alone is adequate to support the circulation to a gastric stump. Devascularization to produce necrosis of the gastric remnant ordinarily requires division of both gastric arteries, both gastroepiploic arteries and the vasa brevia of the spleen. Even after all vessels are divided, the left inferior phrenic and esophageal arteries frequently provide adequate blood supply to maintain viability of the GCFs, gastrocutaneous fistulas remnant. Kilgore [12] postulates from studies on dogs that leakage from gastroenteric anastomoses is probably due to compromised blood supply of the gastric remnant insufficient to produce overt gangrene but sufficient to prevent complete healing of a suture line. Other factors associated with iatrogenic GCF are unrecognized operative injury and erosion of the hollow viscus due to the drain placed adjacent to it. Percutaneous gastrostomy, endoscopic or not, was introduced in order to provide sufficient enteral feeding in patients unable to feed satisfactorily orally. Nowadays, percutaneous endoscopic gastrostomy (PEG) is widely used and constitutes the golden standard. Development of persistent GCF after removal of a PEG tube is a rare but difficult to manage problem. Several factors hamper healing such as delayed gastric emptying, poor wound healing, flow of gastric juice through the fistula, medication and mainly long-term use of the gastrostomy. Nevertheless, the crucial element in GCF formation is epithelialization of the fistula tract. Actually, the only evidence-based statement concerning GCF formation is that chronic gastrostomies (>6 months) are more likely to epithelialize and lead to a persistent fistula [14] .
Concerning the rare causes responsible for GCF, the etiopathologic mechanism should be considered case-by-case: In chronic inflammatory disease a GCF can be precipitated by inflammatory erosion of the gastric wall, creation of an abscess and finally fistula formation. When radiation therapy is applied, it influences the gastric mucosa and induces gastric ulcerations. Seldom these micro-ulcerations can perforate and lead to abscess and fistula formation [5] . When GCFs are associated with pancreatitis and pancreatic abscesses they have as common denominator the ongoing active pancreatic inflammation. Vascular thrombosis is well known within areas affected by severe pancreatitis, perhaps due to the action of liberated enzymes on blood vessels, and may have caused ischemic necrosis of the gastric wall [7, 15] . Finally, carcinomas may guide to an undeviating GCF formation due to destruction of the gastric wall together with direct adhesion of the tumor to the abdominal wall. This process could lead to the GCF formation.
Diagnostic and pre-treatment workout
In order to manage a GCF, its proper recognition is necessary. Both internal and external orifices should be appropriately identified, as well as the topographic relations and the trajectory of the fistula tractus. The most cost-effective examination in order to acquire the above-mentioned data is a radiologic investigation with a water-soluble contrast agent. Normally, plain x-rays with a contrast media should be more than sufficient, however more sophisticated imaging studies could be in need, like CT scanning or MRI fistulography. It is of major importance, when trying to identify a GCF following operation, to know the exact operation performed. This is particularly true concerning bariatric operations. Figures 1  and 2 depict the various common bariatric operations and the most probable sites of GCF formation. 
Treating strategies
GCFs close spontaneously in only 6% of cases, and the mortality rate is about 35% among patients with normal body weight who underwent recent gastric surgery [16] . The mortality rates are higher in patients undergoing bariatric surgery [2] . Previous reports emphasize the benign nature of gastrocutaneous fistulas and the probability of spontaneous healing without surgical intervention [1, [17] [18] [19] , however persistent GCFs as well as those that introduce septic conditions require courageous actions.
Once gastric leakage (fistula) has occurred, the management varies according to the gravity of the presentation of the complication. When the patient presents with abdominal When the patient with the GCF does not present with hemodynamic instability or a septic condition, a conservative approach can be tried [21] [22] [23] . Conservative treatment of GCFs has to have multiple aims traditionally starting with excluding the leak site, then draining the existing debris and finally occluding the fistulas' tract.
Upon the establishment of the diagnosis of a GCF, exclusion of the leak site by employing parenteral nutrition or post-GCF enteral nutrition will allow the leak to heal spontaneously most of the time [24, 25] . At the same time blood and electrolyte imbalance restoration, optimal nutrition, and infection management must be the absolute priority; then, gastric acid secretion suppression by PPI, as well as inhibition of total gastrointestinal secretion by somatostatin, must be applied [2, 4, 22] . When the GCF is the result of a chronic inflammatory disease, then in the general approach we should include the etiologic treatment of the disease.
Infection management includes both maintaining the outer (cutaneous) orifice of the fistula in good condition and drainage of the possible intra-abdominal collections [23, 24] . Drainage modalities range from percutaneous radiographically-guided drainage (either by using CT or echography), open surgical drainage, or intraluminal T-tube placement at the leak site [4, 22] .
After establishing all the above mentioned measures the tendency for closure has to be evaluated by daily reporting of fistula output for 1 week. In cases where there is no sign of a tendency to output elimination, the endoscopist should proceed to endoscopic exploration of the anastomotic area. Our opinion on the procedures following the endoscopic approach is expressed in an article in 2008 [4] and is as follows: After the identification of an opening, fibrin glue should be applied. Attempts at glue sealing of the inner orifice of the GCF should be repeated in case of no success (with 2-3-day intervals between them). The point at which gluing should be stopped is guided mainly by two parameters: (i) the tendency to closure; and (ii) the experience of the endoscopist in this technique. More experienced endoscopists have the tendency to persist in the gluing repetition. Alternatively, endoscopic clips can be applied. Endoscopic clip application is considered successful when no leakage occurs for a minimum of 3 days. Otherwise, a combination of clips and glue is proposed. Stent placement would be another option [26] [27] [28] ; however, experience in managing leaks after isolated sleeve gastrectomy or duodenal switch has been limited, with reported cure rates of 60-83% [29] [30] [31] . The use of stents can improve and simplify management, since stents immediately seal the leak from additional contamination of the peritoneal cavity and the patient can generally start oral feeding soon after stent placement, allowing oral nutrition and eliminating the need for costly and high-risk total parenteral nutrition [32] . However, stents have two drawbacks: (i) they have to be removed within 3 months after their placement, and (ii) their migration rate is extremely high. Most migrations are just of a few centimeters, but this is enough to uncover the leak. Migration can be confronted with replacement or repositioning of the stent, but can result in major morbidity since surgery may be required tenderness, sepsis signs and/or hemodynamic instability, then laparotomy or repeat laparoscopy is inevitable. The choice of laparoscopic or open approach is made according to the surgeon's expertise and the clinical situation. The aim of reexploration of the abdominal cavity is dual: on the one hand control of the septic condition, and on the other management of the leakage [2] . The tenets of surgery include washout of the peritoneal cavity, appropriate debridement and repair of the anastomotic leak, followed by drainage of this region [20] . Various techniques are reported in performing the repair of the anastomotic leak ranging from the "minimal" direct suture to the "maximal" total gastrectomy. The simple direct suture of the defect shows no evidence of its effectiveness in treating the fistula, however, according to Casella et al, it managed to convert the acute abdomen into a chronic gastrocutaneous fistula without sepsis that was then susceptible to a more conservative management [21] . In our opinion the most effective solution in confronting GCFs that endanger the life of the patient is the intraluminal placement of a T-tube at the leak site. for stent removal from the small bowel. The rates of migration seem to be similar with all types of stents employed [27] . Recently Maluf-Filho et al proposed the occlusion of the fistula tract with endoscopic application of SurgSIS. This biomaterial is widely used in perianal fistulas with success, but its value in GCF treatment remains to be proved [33] . Finally, in cases where all the above-mentioned 'conservative' techniques fail, surgery remains the ultimate option.
